Introduction: The mortality of circulatory diseases of the German population varies considerably across regions. The comparison of the regional distributions of cardiovascular risk factors can provide clues to the reasons for cardiovascular mortality differences. The aim of this study was to determine whether indirect measures of fat distribution within subgroups of comparable body mass indices (BMIs) differ by region in Germany. Methods: We included six German population-based epidemiological studies conducted between 1997 and 2006 that included a detailed assessment of anthropometric measures including overall 15 215 people aged 45-74 years. We calculated mean values of BMI, waist circumference (WC), hip circumference (HC), and waist-to-hip ratio (WHR). We estimated mean regional differences of WC, HC, and WHR within narrow ranges of BMI. Results: BMI distributions across the study populations were very similar. However, body fat distributions as measured by WC within subgroups of similar BMIs differed considerably across regions. For example, among people with a BMI of 24.0-25.9, estimated WCs were on average 3.4 and 6.7 cm higher among men and women in Saxony-Anhalt than among men and women in Bavaria, respectively. Conclusion: We provide evidence that the BMI distributions across six population-based surveys in Germany are very similar and that body fat distributions among people with comparable BMIs show relevant regional differences. Our observed WC differences might contribute to regional cardiovascular disease risk differences in Germany. Our findings may trigger further similar analyses across European populations to explain large area variations of cardiovascular disease burden.
Introduction
The morality of circulatory diseases of the German population varies considerably across regions. For example, the age-standardized morality of circulatory diseases (International Classicification of Diseases: 1 100-199; standard population: West Germany 1987) of the year 2003 varied between 302 per 100 000 and 470 per 100,000 across federal states of Germany. East Germany has higher mortality rates of circulatory diseases than West Germany.
The comparison of the regional distributions of cardiovascular risk factors can provide clues to the reasons for these mortality differences. For example, the prevalence of smoking and hypertension is higher in East than West Germany, 2,3 and the age-standardized prevalence of the metabolic syndrome varies between 16 and 24% across the federal states. 4 The variation of body mass index (BMI) and body fat distribution may be further contributing factors to the observed mortality differences. 5, 6 According to a census ascertainment of a 1% household sample of the population in Germany aged 18 years or more in 1999, the prevalences of obesity (BMI 30.0 kg/m 2 ) based on self-reported height and weight varied among federal states from 8.8 to 15.4%. 7 Especially populations of East Germany show currently the highest prevalences of obesity. 7 Conventionally, BMI has been used to define and classify overweight and obesity. However, BMI is only a crude measure of body fat distribution. 8 It has been suggested that indirect measures of body fat distribution including waist (WC) and hip circumferences (HC) and waist-to-hip ratio (WHR) provide better insights into metabolic and cardiovascular risks and mortality associated with increased body fat than BMI alone. [9] [10] [11] [12] Until now, regional comparisons of indirect measures of fat distribution within subgroups of comparable BMIs have not been undertaken in Germany and many other countries. Therefore, the aim of this study was to determine whether indirect measures of fat distribution within subgroups of comparable BMIs differ by region in Germany. For this purpose, we analyzed data of six recent large population-based surveys in Germany including 15,215 people.
Materials and methods
We included German population-based epidemiological studies that were conducted between 1997 and 2006 and performed a detailed assessment of anthropometric measures: the German National Health Interview and Examination Survey (Bundesgesundheitssurvey, BGS) from 1998 comprising 120 sampling points all over Germany, 13 the KORA S4 study in Augsburg, Bavaria, 14 the Study of Health in Pomerania (SHIP-0) in West Pomerania, Northeast Germany, 15 the Heinz Nixdorf Recall Study (HNR) in the cities of Essen, Bochum, and Mulheim of the Ruhrarea of North Rhine-Westphalia, 16 the Dortmund Health Study (DHS) in the city Dortmund, North Rhine-Westphalia, 17 and the Cardiovascular Disease, Living and Ageing in Halle Study (CARLA) in the city of Halle, Saxony-Anhalt. 18 As the BGS with overall 120 sampling points all over Germany does not provide regional estimates of WC and HC, we did not include these data for the regional comparisons.
Each study was reviewed by local ethics committees and all participants gave written informed consent. In all studies, weight, height, WC and HC were measured by a comparable study protocol (supplementary material, Table A1 ). Body weight and height were measured to the nearest 0.1 kg and 0.1 cm (exception: DHS study to the nearest 0.5 cm), respectively, using standardized equipment and procedures. Waist and hip circumferences were measured in underwear. The WC measurement was made at minimal inspiration to the nearest 0.5 cm (BGS) or 0.1 cm (all other studies), midway between the last rib and the iliac crest. HC was measured at the widest circumference over the buttocks to the nearest 0.5 cm (BGS) or 0.1 cm (all other studies) with the exception of the HNR study that measured HC midway between the iliac crest and the crotch. The DHS study measured only height and weight and therefore was excluded for the regional comparison of WC, HC and WHR. More details of the study protocols are available on request. In all studies, the study personnel was trained and certified in anthro-pometric measurement. The study personnel was regularly monitored throughout the recruitment. The study regions of the surveys are presented in supplementary material Figure A1 , and core study characteristics are summarized in Supplementary material, Table A2 .
We categorized participants according to cut-offs published earlier for BMI according to the WHO 19 (overweight: 25.0-29.9 kg/m 2 , obesity: 30 kg/m 2 ) and for WC and WHR according to NCEP ATP III 20 (increased waist: men >102 cm, women >88 cm; increased WHR: men >1.00, women >0.85).
Statistical methods
Sample data of the BGS were weighted to account for the sampling design and to produce estimates representative for East and West Germany, respectively. To maximize the number of surveys that can be used for regional comparisons, analyses were restricted to participants aged between 45 and 74 years enabling the BMI comparison of five regional surveys and the German-wide BGS. Participants with missing data on BMI, waist or HC were excluded. With the exception of one survey (BGS, West Germany: 1.2% missing data), the proportion of participants with missing data was less than 1% in each study.
We calculated sex-stratified and age-stratified mean and median values of BMI, WC, HC, and WHR. In addition, we calculated sex-stratified and agestratified prevalences of overweight, obesity, increased WC, and increased WHR.
Furthermore, we calculated age-truncated (45-74 years) mean values and age-standardized prevalences using the population figures of Germany as of 31 December 2003 as the standard population. To visualize the BMI distributions, we used schematic box-andwhisker plots according to Tukey. 21 To estimate mean regional differences of WC, HC, or WHR within narrow ranges of BMI, we computed linear regression models with WC, HC, or WHR as the continuous outcome variable within narrow BMI subgroups 20.0-21.9, 22.0-23.9, . . . , 34.0-35.9 kg/m 2 , separately for men and women. We used disjoint indicator variables for the regional surveys (HNR, SHIP-0, CARLA) with KORA-S4, Augsburg as reference region. For example, to estimate regional differences of WC within BMI subgroups, we set up linear regression models within each BMI subgroup and sex:
The intercepts of these models can be interpreted as the estimated mean WCs, HCs, or WHRs in Augsburg within BMI subgroups. The regression coefficients can be interpreted as estimated difference of WC, HC, and WHR, respectively between the reference and comparison regions. For example, among men with a BMI of 24.0-25.9, the intercept of the linear regression was 93.0 and can be interpreted as the estimated mean value of WC in KORA-S4, Augsburg. The regression coefficient of the indicator variables provide estimated mean difference of WC compared with the reference group, that is, KORA-S4, Augsburg: the regression coefficient for the CARLA study was 3.4, indicating a mean difference of þ 3.4 cm between KORA-S4, Augsburg and CARLA with men having on average 3.4 cm higher WCs within the BMI group of 24.0-25.9 than men in KORA-S4, Augsburg.
To study the stability of these linear regression results, we performed several sensitivity analyses: we computed regression models within narrower BMI ranges (20.0-20.9, 21.0-21.9, . . . , 30.0-30.9) to further decrease residual variability of BMI within subgroups. We adjusted the regression models for height. We used the KORA-S4 and SHIP-0 studies to run these regression models among participants at an extended age range of 25-74 years as these studies covered this broader age range.
Results
Mean and median BMIs across the study populations of men and women were very similar. Varying degrees of slight right skewness of the BMI distributions explain the somewhat varying prevalences of obesity across studies. In a sensitivity analysis, we studied the BMI distribution within a broader age range of 25-74 years of those studies that included this age range (KORA-S4, SHIP-0, DHS, and BGS). Only 43 out of 15 213 participants (0.3%) had BMIs below 18.5 (Table 1, Figure 1 ). The CARLA Study (Saxony-Anhalt) had the highest mean WC among both men and women whereas the mean HC was quite low among men and high among women in this study. The age-standardized prevalence of increased WC was highest in the CARLA and the BGS-East studies (East Germany) among both men and women. Mean WHR values were highest in the HNR (North Rhine-Westphalia) and CARLA studies (Saxony-Anhalt) among both men and women ( Table 2) .
WCs within subgroups of comparable BMI differed by region. Compared with the KORA-S4 Study (Bavaria), WCs were lower among participants of the SHIP-0 Study (Mecklenburg-West Pomerania), very similar among participants of the HNR Study (North Rhine-Westphalia) and considerably higher among participants of the CARLA Study (Saxony-Anhalt). For example, within the subgroup of men with a BMI of 24.0-25.9, the mean WC was 93.0 cm in the KORA-S4 Study (Bavaria). Compared with Bavaria, the estimated WC was on average 0.3 and 1.9 cm lower among men of the HNR (North Rhine-Westphalia) and the SHIP-0 studies (Mecklenburg-West Pomerania), respectively. However, estimated WCs were on average 3.4 cm higher among men of the CARLA Study (Saxony-Anhalt). Among women, estimated mean differences of WC were even larger between the KORA-S4 (Bavaria) and the CARLA studies (Saxony-Anhalt) with estimated mean differences between 4.2 and 8.1 cm depending on the BMI subgroup. WC differences between the surveys were most prominent within BMI ranges of 22-31 kg/m 2 . WC and HC estimates for the BMI subgroups below 22 or above 31 were too unreliable for a meaningful interpretation. Participants of the HNR (North Rhine-Westphalia) and SHIP-0 studies (Mecklenburg-West Pomerania) had lower HCs within BMI subgroups than participants of the KORA-S4 Study (Bavaria). Men of the CARLA Study (Saxony-Anhalt) had lower HCs than men of the KORA-S4 Study whereas women of the CARLA Study had HC which were very comparable with women of the KORA-S4 Study (Figures 2 and 3 ; and online supplementary material, Table A3 -A5, Figure A2 ).
The regional WC differences among participants with comparable BMIs aged 25-74 years (KORA-S4 and SHIP-0 studies) were very similar to those among participants aged 45-74 years. Additional adjustments for body height, age, or BMI did not markedly change our results. Similarly, the regional comparison of WC within even narrower subgroups of BMI (that is, 20.0-20.9, 21.0-21.9, etc.) did not markedly change our results.
Discussion
In this study, we provide evidence that the BMI distributions across six population-based surveys in Germany are very similar and that body fat distributions among people with comparable BMIs show relevant regional differences. We observed mean differences of WC of up to 8.1 cm within narrow subgroups of 23 showed that a BMI-adjusted increase of WC or WHR increases the risk of myocardial infarction among both men and women. Recent results of the European Prospective Investigation into Cancer and Nutrition Study showed that for a given BMI in men and women, a 5 cm higher WC was associated with a risk increase of death of 17% among men and 13% among women. 11 Obviously, the sole comparison of BMI across regional surveys may mask important differences in health risks because body fat distributions may differ among populations with comparable BMIs. Earlier studies that analyzed regional distributions of BMI in Germany used mainly prevalence measures of overweight and obesity for comparison, and unanimously concluded that the prevalence of overweight and obesity is higher in East than West Germany. 5, 7 Our study of the complete BMI distributions (i.e. BMI as a continuous variable) showed that there were only small regional differences of the BMI distributions among the surveyed people aged 45-74 years. Dichotomization or categorization of the BMI distribution at predefined cut-offs (overweight: BMI 25.0-29.9 kg/m 2 , obesity: BMI 30.0 kg/m 2 ) resulted in some regional prevalence differences for overweight and obesity because the BMI distributions showed varying degrees of slight right-skewness.
Earlier comparisons of the regional distribution of WC and HC showed that East German women have higher WCs (on average þ 1.7 cm) than West German women while men had very similar WC and HC. 5 However, comparisons of WC and HC became complicated if BMIs differ because BMI is strongly associated with WC and HC. 24, 25 As early as 1994 Stevens et al. 26 studied WC among Black and White women within broad subgroups of BMI and showed that Black women had a smaller WC than White women within subgroups of BMI. We observed that even within a single ethnic group, body fat distributions among participants with comparable BMIs considerably differ by regions. We hypothesize that regional differences regarding dietary and smoking habits, and physical activity (leisure time and at the workplace), which all influence the body fat distribution, may at least partially explain the regional differences of body fat distributions in Germany. A detailed comparison of these lifestyle factors among people with comparable BMI of the surveys may give further insights into the reasons for the differences.
The considerably higher mean WCs among people from Saxony-Anhalt (CARLA Study) compared with people from Mecklenburg-West Pomerania (SHIP-0 Study), both East German regions, are in line with results of a recent national cross-sectional study (GEMCAS). This study revealed that age-standardized and sex-standardized prevalences of increased WCs according to NCEP-ATP III 20 were highest in Saxony-Anhalt (42.1%), where the CARLA Study population is located. Corresponding prevalences in Mecklenburg-West Pomerania (study region of the SHIP-0 Study), North Rhine-Westphalia (study region of the HNR and DHS studies), and Bavaria (study region of the KORA-S4 Study) were 36.7, 37.5, and 35.7%, respectively. 27 There are several factors that limit our results. First, all surveys suffered from non-response. Analyses of non-participants who filled in short questionnaires of some surveys gave some ideas about potential selection effects. In the KORA-S4 Study, a higher prevalence of coronary artery disease, diabetes mellitus, and smoking was observed among non-participants than participants. 28 Similarly, in the HNR Study a higher prevalence of smoking was found among non-participants than participants. 29 It is difficult to speculate in which way these selection effects may have influenced the regional comparisons. Second, our interpretations hinge on the assumption that the methods of anthropometric measurements were comparable across the six surveys. With the exception of the HC measurement in the HNR Study, standard operating procedures for anthropometric measurements were identical. Experienced researchers (A.D. and others) of the KORA-S4 Study trained and certified the study personnel of the HNR Study, the SHIP-0 Study, and the CARLA Study. As comparative measurement accuracy studies across the presented surveys were not conducted, it is difficult to speculate if and how much measurement biases contributed to our results. Third, our findings are based on participants aged 45-74 years and may not necessarily be generalizable to younger or older people. Fourth, we could not account for different calendar study periods of recruitment and therefore our comparison of the obesity prevalence across studies is not corrected for secular trends.
Conclusion
We provide evidence that although BMI distributions across six population-based surveys in Germany are very similar, body fat distributions among people with comparable BMIs show considerable regional differences. Our observed WC differences might explain regional cardiovascular disease risk differences of 10-15% and total mortality differences of 13-17% depending on sex and BMI. Therefore, indices of body fat distribution should not be prematurely dismissed as contributing factors to regional differences in cardiovascular morbidity and mortality in Germany. Our findings may trigger further similar analyses across European populations, which may contribute to the explanation of large area variations of the cardiovascular disease burden and mortality.
